Abstract-Hornblende of the Carrol Knob mafic complex (southern Blue Ridge Mountains, North Carolina) has weathered under humid, temperate conditions. Hornblende weathering appears to have been a dissolution-reprecipitation reaction, in which hornblende dissolved stoichiometrically, and the ferruginous and aluminous weathering products (goethite, gibbsite, and kaolinite) precipitated from solution (neoformation). During the earliest stage of alteration, ferruginous weathering products formed as linings of fractures within and around crystals and cleavage fragments of hornblende. Side-by-side coalescence of lenticular etch pits during more advanced weathering produced characteristic "denticulated" terminations on hornblende remnants in dissolution cavities bounded by ferruginous boxworks. Dissolution cavities are devoid of weathering products. Small "pendants" of ferruginous material project from the boxwork into void spaces. Because these products are separated from the hornblende remnants by void space, they must have been produced by dissolution-reprecipitation reactions. Complete removal of the parent hornblende left a ferruginous microboxwork or "negative pseudomorph." Only Al and Fe were conserved over microscopic distances; alkali and alkaline-earth elements were stoichiometrically removed from the weathering microenvironment during the weathering process.
INTRODUCTION
Recent geochemical studies have suggested that mineral-water interactions involving ferromagnesian silicates (especially pyroxenes and amphiboles, or "pyriboles") play a significant role in base-cation and hydrogen ion budgets during the weathering of landscapes underlain by silicate rocks (e.g., Katz et al, 1985; April et al., 1986; Bricker, 1986; Drever and Hurcomb, 1986) . The mechanisms of these reactions in natural systems, however, are not well understood. During petrographic studies of hornblende weathering in the southern Blue Ridge Mountains, the present author observed crystallographically aligned aggregates of ferruginous weathering products of hornblende. Because quantitative studies of the stoichiometry of the weathering process in natural systems are still lacking despite numerous studies of pyribole alteration textures and replacement minerals, and because the mechanism and stoichiometry of hornblende weathering are important in neutralization of acid deposition, the aggregates and their textural relations to the parent mineral were examined in detail and are reported here.
PREVIOUS WORK
Cation depleted (leached) layers have often been invoked to explain apparent non-stoichiometric dissolution of silicate minerals in laboratory systems and surface compositions on naturally weathered soil pyriboles. Schott et al. (1981) , Berner and Schott (1982) , and Berner (1983,1985) studied experimentally and naturally weathered surfaces of iron-free and iron-bearing pyroxenes by X-ray photoelectron spectroscopy (XPS). They found that a thin layer (a few tens of Angstroms thick) depleted in Ca and Mg relative to silica formed on iron-free pyriboles. Berner et al. (1985) pointed out that the XPS data were equally well explained by localized Ca removal along dislocation cores, rather than uniform depletion across the entire mineral surface, and that the former interpretation was consistent with the existence of etch pits on the surfaces of altered pyroxenes. Berner's (1983, 1985) results on iron-bearing silicates experimentally weathered in an oxidizing environment demonstrated the presence of a hydrous ferric oxide layer superimposed on a Mg-depleted, protonated ferric silicate layer. Petit etal. (1987) examined experimentally weathered diopside by a resonant nuclear reaction and found direct evidence that diopside dissolution proceeded by surface hydration to depths of about 1000 A. They also found notable (and stoichiometric) depletion of primary elements, signifying increased microporosity over the thickness analyzed. Petit et al. (1987) interpreted these results to suggest the diffusion of water along defects, followed by stoichiometric dissolution of the diopside. Using Auger electron spectroscopy (AES), Mogk and Locke (1988) found preferential depletion of Mg, Ca, and, to a lesser degree, Si and Fe (relative to Al) over thicknesses of as much as 1200 A in naturally weathered hornblende. Their observations indicate non-stoichiometric dissolution similar to that reported by Berner and his coworkers, but over thicknesses similar to those observed by Petit et al. (1987) .
Previous petrographic studies of naturally weathered pyriboles have noted what appeared to be early-stage weathering products in fractures and cleavages (see, e.g., Basham, 1974; Cleaves, 1974; Colman, 1982; Proust, 1982 Proust, ,1985 . Alteration apparently originated at grain boundaries and intragranular fractures and grew inward to the present contact. If numerous cleavage fragments of the same parent crystal exhibit such alteration and the relict parent-mineral cores have been re-moved, the texture has been described as boxwork' (Stoops etal., 1979) .
The initial weathering products of ferromagnesian silicate minerals may be iron oxides, iron oxyhydroxides, or clay minerals, depending on the intensity of leaching in the weathering profile (Cleaves, 1974) . Continued weathering produces either pseudomorphs of clay minerals after pyribole (e.g., Eggleton, 1975; Cole and Lancucki, 1976; Delvigne, 1983; Eggleton et al., 1987) or a boxwork structure in which fracture fillings are preserved, but the pyribole itself is dissolved (Basham, 1974; Cleaves, 1974; Delvigne, 1983) .
Most pyribole weathering products exhibit preferred crystallographic orientation (e.g., Basham, 1974; Wilson, 1975; Delvigne, 1983) , butnot all (Wilson andFarmer, 1970; Berner and Schott, 1982) . Eggleton (1975) and Cole and Lancucki (1976) suggested that the crystallographic orientation of the products with respect to parent structures resulted from "solid-solid" transformation involving minimal rearrangement of tetrahedra and octahedral cations. Weathering products formed by solid-solid transformation inherit a significant portion of their silicate skeleton from the parent mineral, in contrast to neoformation, in which the weathering products form by actual precipitation from solution (Duchaufour, 1982; Eslinger and Pevear, 1988) . Recent studies of weathered and/or otherwise altered pyriboles using high-resolution transmission electron microscopy (HRTEM) have supported the transformation interpretation (e.g., Eggleton and Boland, 1982; Eggleton, 1986) .
The studies summarized above can be assigned to two distinct, non-overlapping categories: studies of the stoichiometry of pyribole weathering, and petrographic studies of parentproduct textural relationships. In the present investigation weathering textures have been used to make inferences regarding reaction stoichiometry.
GEOLOGY OF THE STUDY AREA
The study area is the Coweeta Hydrologic Laboratory of the U.S. Department of Agriculture Forest Service, located in the Nantahala Mountains 15 km southwest of Franklin, North Carolina (Figure 1) . Physiographic, climatic, and lithologic background material was summarized by Velbel (1985a) . Bedrock in the area consists of high-rank (amphibolite facies) metasedimentary schists and gneisses, with local pods of manc-ultramafic rocks (Hatcher, 1979 (Hatcher, , 1980 . Slopes are steep (average 27°), annual average rainfall is high (~2 m), and temperatures are moderate (mean annual temperature is 12.8°C). All crystalline rocks of the study area have been extensively weathered to saprolite, which ranges from 0 to 20 m in thickness (avg. 6 m). The soils are Ultisols and Inceptisols; the former occur chiefly on slopes, and the latter are developed on transported colluvial parent materials (Velbel, 1988) . A single logging road transects the study watershed. The roadcut on the upslope side provides the only exposures. Most exposed material consists of reddish friable 1 The American Geological Institute Dictionary of Geological Terms (1976) (p. 53-54) defines boxwork as: "Limonite and other minerals which originally formed as blades or plates along cleavage or fracture planes and then the intervening material dissolved leaving the intersecting blades or plates as a network." saprolite; only one partially altered corestone was recovered.
The hornblende examined in this study is from the Carrol Knob complex in watershed 3 of the Coweeta Hydrologic Laboratory (Figure 1 ). In the immediate study area, only the plagioclase-hornblende-gneiss (metagabbro; McSween and Hatcher, 1985) facies of the Carrol Knob complex is exposed (Hatcher, 1980) . These rocks consist of hornblende and plagioclase, with minor quartz, epidote, and other accessory minerals (McSween and Hatcher, 1985) . McSween and Hatcher (1985) showed that the Carrol Knob complex is compositionally very similar to the Laurel Creek complex in Georgia, less than 25 km southeast of the Coweeta Hydrologic Laboratory. Microprobe analyses and structural formulae of calcic amphiboles (hornblende to ferroan pargasite in composition) from the Laurel Creek complex (Helms et al., 1987) were used in the present study.
MATERIALS AND METHODS
A single corestone (~16 x 12 x 7.5 cm) having a well-developed weathering rind (2.5-5 cm thick) was collected from the saprolite matrix at a depth of about 0.5 m within the boundaries of watershed 3 (Figure 1 ). Suites of epoxy-impregnated petrographic thin sections from zones sampled outward from the fresh core to the extensively weathered rind were examined on a Leitz Ortholux II-pol petrographic microscope.
Microboxwork areas containing hornblende relics and isolated hornblende grains were exhumed from the hand samples with dissecting needles and forceps under a binocular microscope; some were cleaned ultrasonically. These samples were then affixed to SEM stubs with double-sided adhesive tape and coated for SEM examination. The samples were examined using ETEC Autoscan and JEOL JSM T-20 scanning electron microscopes (SEMs).
The brittle nature of the boxwork making up the rind precluded fine subdivision of the weathered portion of the sample. The transition between fresh core and weathered rind was abrupt (<0.3 cm), and little heterogeneity in the weathered rind was visible. Thus, the weathering rind was characterized by a single bulk sample of fragments, which were crushed and ground for X-ray powder diffraction (XRD). The <10-/wn fraction was prepared using the method of Drever (1973) and scanned from 2° to 30°20 on a Rigaku X-ray powder diffractometer at a scan rate of l°20/min, using Nifiltered CuKa radiation. Divergence, receiving, and scatter slits were V 6°, 0.3 mm, and 2°, respectively.
RESULTS

Hand specimens
The corestone consisted of a 2.5 x 5 cm core of fresh (not visibly oxide-stained) hornblende amphibolite- metagabbro, surrounded by a thick (2.5 cm thick along short axis of corestone, 5 cm thick along long axis) zone consisting of a complex orange "microboxwork". Black hornblende relics were visible within the microboxwork near the core. The abundance of hornblende relics decreased abruptly with increasing distance from the fresh core, so most of the weathered rind consisted of microboxwork containing no hornblende.
Petrography and SEM morphology
Fresh hornblende occurred in several different petrographic forms, including anhedral poikiloblasts containing inclusions of other silicates (e.g., quartz) and euhedral prisms. Thin sections transected the latter in various orientations, giving both longitudinal sections (seen perpendicular to the z-axis) and cross-sections (viewed essentially parallel to the z-axis; Figure 2 ). Microboxworks were developed after all forms and orientations.
In incipiently altered materials, ferruginous weathering products appear to have lined fractures within and around hornblende crystals and cleavage fragments. Little hornblende appeared to have been removed, leaving only a few small (< 20 /^m) visible voids between the hornblende remnant and the microbqxwork. The thickness (<40 jtm) of the ferruginous septa at this stage was greater than the width (<5 /mi) of fractures in the fresh hornblende.
More advanced weathering produced "sawtooth" or "denticulated" terminations ( the "teeth" were parallel to the z-axis of the hornblende. These denticulated terminations coexisted with almond-shaped, lenticular etch pits on prism faces, elongated parallel to the z-axis (Figure 3) . In still more advanced stages, hornblende remnants occurred in dissolution cavities bounded by ferruginous boxworks (Figure 6 ). Figure 6 shows such a boxwork separated from denticulated hornblende by void space. The septa of the microboxwork (Figures 5 and 6 ) actually consisted of a symmetrical pair of layers, separated by a central parting. The layers themselves appear to have a vaguely defined fibrous character (Figure 6 ), in which the fibers are perpendicular to the orientation of the grain-transecting fractures. The dissolution cavities are devoid of weathering products; they contain no noncrystalline intermediary products, nor are the etched hornblende surfaces covered by any well-crystallized clay minerals. Figure 6 shows, however, oriented fer- ruginous pendants, which, like the microboxwork, are also separated from the denticulated margin by void space. Thin-sections of areas equivalent in scale and weathering stage to that shown in Figure 6 also showed denticulated hornblende remnants separated from microboxwork by void space. Subtle changes in the birefringence of the boxwork were apparent in crosspolarized light. If the field of view was rotated so that the hornblende z-axis was parallel to the polarizing filter, individual boxwork segments in prism-parallel cleavage pseudomorphs exhibited simultaneous extinction under cross-polarized light. If the same field of view was rotated 45°, weak birefringence colors appeared simultaneously in several different portions of the boxwork, all of which were previously at extinction.
Complete removal of the parent hornblende pro- Note also that pendants are separated from the denticulated hornblende by void space.
duced a "negative pseudomorph," i.e., a boxwork consisting of ferruginous materials. Figures 7 and 8 show advanced stages of hornblende weathering, in which the hornblende has been completely removed. All that remains is ferruginous boxwork, which mimics the prism cleavages of the parent hornblende (cf. Figure  2 ). Here also, the septa of the microboxwork show bilateral symmetry with respect to the central parting (cf. Figure 6 and discussion thereof). Small pendants of similar material project from the boxwork into the void spaces. Figure 9 is a photomicrograph taken in plane-polarized light of pendants, which project from the boxwork into the void space. Examined in the same orientation in cross-polarized light, the same field of view exhibited parallel extinction of the material making up the pendants. If the microscope stage was rotated 45°c ounterclockwise, birefringence colors appeared simultaneously in several different portions of the boxwork and, especially, the pendants, all of which were at optical extinction in the previous orientation (Figure 9 ). 
Powder X-ray diffraction
An XRD pattern of the <10-/im fraction of bulk boxwork fines (Figure 10) shows strong gibbsite and kaolinite peaks, weak goethite peaks, and a weak quartz peak.
DISCUSSION
Mineralogy of the ferruginous material
Both optical and XRD examination of the bulk fines indicated the presence of goethite, gibbsite, and kaolinite. Goethite exhibited parallel extinction (Kerr, 1977) , as did the pendants, and gibbsite exhibited high birefringence, one of the characteristics of the microboxworks and pendants. Microprobe analyses and Figure 9 . Photomicrograph of weathered hornblende showing ferruginous microboxwork (B) and delicate pendants (P). Plane-polarized light; field of view is 600 Mm across. structural formulae of calcic amphiboles (hornblende to ferroan pargasite in composition) from the nearby and petrologically similar Laurel Creek complex (Helms et al., 1987) showed appreciable Al, consistent with the aluminous nature of the weathering products of the Carrol Knob hornblende. Thus, the aluminous products (gibbsite and kaolinite) probably formed from the weathering of Carrol Knob hornblendes.
Origin of the observed alteration textures
Incipient stage of weathering. During incipient alteration, ferruginous weathering products formed an incipient boxwork, lining fractures within and around crystals and cleavage fragments of hornblende. The boxwork occurred as paired layers having a central parting. Texturally similar materials were previously interpreted as chemically precipitated microfracture fillings by Berner and Schott (1982) ; however, the thickness of the ferruginous boxwork at this stage (as Gi Figure 8 . Scanning electron micrograph of weathered hornblende showing ferruginous microboxwork (B) consisting of paired layers. Note oriented pendants (e.g., P) projecting from microboxwork into void space.°2 6 Figure 10 . X-ray powder diffraction pattern of microboxwork-rich outer portion of cobble C79-40, indicating the presence of kaolinite (K), gibbsite (Gi), goethite (Go), and quartz (Q). < 10-jnm fraction, Mg-saturated; Ni-filtered CuKa radiation.
thick as 40 /am in petrographic thin sections) was much greater than the width of fractures (< 5 iaa) in the fresh hornblende. The paired layers were too thick to be chemically precipitated (neoformed) fracture fillings; therefore, they probably were replacement materials (either transformation products, or products of highly localized dissolution-neoformation reactions) emanating symmetrically from the fracture. The ferruginous alteration products appear to have originated at the hornblende grain boundaries and intragranular fractures and grew inward to the present contact.
Textures identical to the observed weathering pattern have been reported in serpentinized pyroxenes and amphiboles and described as mesh textures [nomenclature of ; specifically, the (retrograde) type-3 serpentinization texture of . Cressey (1979) suggested that such serpentinization textures resulted from localized dissolution-reprecipitation reactions rather than from topotactic replacement. In serpentinized pyriboles, mesh-textured replacements across the interior of the serpentine pseudomorphs always have central partings . Such bilaterally symmetrical mesh components have been interpreted as alterations along pre-existing grain-transecting fractures and cleavages . Central partings in boxwork septa have been widely observed and illustrated in weathering studies of ferromagnesian silicates (e.g., BemerandSchott, 1982; Velbel, 1984) ; however, unlike serpentinization studies, reports of weathering studies seldom mention central partings as a significant petrographic feature. All microboxwork septa observed in the present study have central partings (Figures 5 and 6) , consistent with the suggestion that grain-transecting fractures (both random fractures and internal cleavage planes) are the primary loci of initial attack during hornblende weathering.
Intermediate stages of weathering. "Sawtooth" or "denticulated" terminations characteristic of pyribole remnants at intermediate stages of weathering (Figures 4-6) have been observed by numerous workers in other study areas (e.g., Cleaves, 1974; Delvigne, 1983; Colin etal, 1985; Wilson, 1986) . Berner e£al. (1980) showed that etch pits (see Figure 3) reflect selective attack at defects and dislocations; the sharp-pointed denticulations (see Figures 4-6 ) probably resulted from side-byside coalescence of lenticular etch pits (Berner et al., 1980; Berner and Schott, 1982) .
"Denticulated" margins are commonly empty (i.e., devoid of clay minerals or other weathering products) in nature (Cleaves, 1974; Glasmann, 1982) ; all are empty at Coweeta (Figures 3-6 ). The formation of the dissolution voids involves stoichiometric dissolutionthe entire volume of mineral that formerly occupied the void has been removed. The expression for stoichiometric dissolution of hornblende at Coweeta, using a slightly idealized parent-mineral composition based on the data of Helms et al. (1987) The fact that pendants of ferruginous material were noted, separated from hornblende remnants by void space (Figure 6 ) suggests that the pendants must have formed by dissolution-reprecipitation (neoformation) reactions. During these reactions, the hornblende dissolved stoichiometrically (reaction (1) (4) The absence of 2:1 clay minerals in saprolites of Coweeta is apparently due to intense leaching in the study area, which prevented solutions in the weathering profiles from becoming saturated with respect to 2:1 clay minerals. Previous workers (Wilson and Farmer, 1970; Cleaves, 1974; Colin et al., 1985) reported the formation of 2:1 clays only from pyribole weathering in poorly drained weathering environments and/or microenvironments, whereas 1:1 clays and/or oxyhydroxides have been reported from well-leached macro-and microenvironments (Cleaves, 1974; . Natural solutions in previously studied watersheds in the study area ( Figure  1 ) are in equilibrium with kaolinite, but not with 2:1 clays (Velbel, 1985b) .
Advanced stages of weathering. Complete removal of the parent hornblende left a "negative pseudomorph," i.e., a boxwork (Figures 7-9 ) consisting of goethite, gibbsite, and kaolinite. In his study of pyroxene weathering, Delvigne (1983) also described crystallographically aligned "porous pseudomorphs" identical to the microboxwork-pendant assemblages reported here. The pendants were generally optically parallel to one another and to the relict prismatic cleavage of the parent hornblende (Figures 7-9 ). The pendants most likely inherited this optic orientation from the parent hornblende by epitactic nucleation and growth upon the (topotactic?) boxwork that formed during earlier stages of hornblende weathering. The petrographic and SEM data suggest that crystallographically oriented alteration products of chain-silicate weathering formed by both neoformation (dissolution-reprecipitation) and transformation.
Scales of elemental redistribution during weathering offerromagnesian silicates
To examine the possible consequences of the petrographically inferred dissolution-reprecipitation mechanism for the mobility of Al, Fe, and Si during hornblende weathering, the volume of boxwork and pendant goethite, gibbsite, and kaolinite that would be formed by the weathering of a unit volume of parent hornblende was calculated, assuming that Fe, Al, and Si were conserved. The total number of moles of a given element (e) in parent mineral (p) where m e>p = total number of moles of element e in the parent mineral p; c e p = weight fraction of the oxide of element e in parent mineral p (oxide wt. % x 10~2); n ek = stoichiometric coefficient of element e in analyte oxide of element e; D p = density of parent mineral p; V p = volume of parent mineral p; and M k = gramformula weight of analyte oxide k. The total number of moles of element e per unit volume of daughter mineral d can be expressed as (6) where m e d = total number of moles of element e in the daughter mineral d; n eid = stoichiometric coefficient of element e in daughter mineral d; V d = volume of daughter mineral d; and V°d = molar volume of daughter mineral d. Rearranging Eq. (6) to solve for m ed , setting m eip = m e d (that is, conserving element e, letting all of element e present in the parent mineral be incorporated into the daughter mineral), combining Eqs. (5) and (6), and rearranging gives
where V d /V p is the volume of daughter mineral produced per unit volume of parent mineral, if element e is conserved. Averaged microprobe data from Laurel Creek hornblendes (hornblende to ferroan pargasite in composition; Helms et al., 1987) were used to estimate the composition of the parent hornblende, using molar volumes for the three daughter minerals from Smyth and Bish (1988) . The density of pargasite (D p = 3.165) as reported by Smyth and Bish (1988) was also used; the value chosen is well within the range of densities for compositionally similar hornblendes, as tabulated by Deer et al. (1963) . Values used in the calculations and the results are shown in Table 1 .
If Al and Fe are conserved on the scale of the parentmineral crystals, and goethite and kaolinite are formed, the maximum possible volume of alteration products is (0.1096 + 0.4880 = 0.5976; Table 1) x the original volume of hornblende. Thus, the total volume of alteration products formed by weathering of hornblende to hydroxides and/or aluminosilicates cannot exceed 60% of the original volume of hornblende, if Al and Fe are conserved. If some of the Al is incorporated into gibbsite instead of kaolinite, the total volume of material produced will be less, as little as (0.1096 + 0.3169 = 0.4265) x the original hornblende volume (here also, complete conservation of Fe and Al is assumed).
Modal abundances of boxwork and void space were estimated by point counting Figures 7 and 9 (856 and 1051 points, respectively). The volumes of the boxwork and pendant materials are 59.7% and 60.9%, respectively. Within experimental error (±3.5%, Pettijohn et al., 1987, their Figure A-3) , the measured values correspond exactly to the volume calculated, assuming that Al and Fe are conserved in goethite and kaolinite. To whatever extent the point counts failed to detect microporosity, the actual solid volume of products may be somewhat smaller, which is consistent with the presence of gibbsite. The petrographic data strongly support the hypothesis that Al and Fe were conserved during weathering of the hornblende to microboxwork and pendants.
Dissolution-reprecipitation mechanism and the stoichiometry offerromagnesian silicate weathering
Dissolution-reprecipitation mechanisms have been invoked on petrographic grounds to explain several occurrences of pyribole weathering (e.g., Berner and Schott, 1982; Glasmann, 1982) , serpentinization (e.g., Cressey, 1979) , feldspar weathering (e.g., Grant, 1963 Grant, , 1964 Koppi and Williams, 1980; Anand and Gilkes, 1984; Anand et al., 1985) , and pseudomorphous clay replacements after plagioclase feldspar, which appear to preserve twinning in clay pseudomorphs (Velbel, 1983) . Transport of ostensibly "immobile" elements in dissolved form is also required to account for the composition of pseudomorphous weathering products of ferromagnesian silicates. The pseudomorphs commonly contain elements not found in the parent mineral (e.g., Al in products of pyroxene weathering; Nahon and Bocquier, 1983; Fontanaud and Meunier, 1983; Parisot et al, 1983) . The present data suggest that crystallographically oriented products of pyribole alteration formed by dissolution-reprecipitation (neoformation) as well as by previously postulated solid-state (transformation) reactions that involved minimal rearrangement of tetrahedra and octahedral cations.
The stoichiometric expression for the overall hornblende weathering reaction at Coweeta results by adding reactions (1H4) (reactions (2)-(4) have been mul- 
where some indeterminate amount (x) of kaolinite is formed. The value x could have been determined if the Si content of the boxwork-pendant assemblage had been known. Both petrographic photomicrographs and SEMs suggest that the combined volume of boxwork + pendants formed from the neoformation reaction discussed above (as a fraction of original hornblende volume) is exactly that predicted by assuming the conservation of Fe and Al; so, no export or loss of these elements is indicated. Some Si was also retained in the weathering products; however, all other elements (Na, Ca, and Mg) were removed from the hornblende-weathering microenvironment. The overall incongruent stoichiometry of the hornblende weathering reaction at Coweeta (Eq. (8)) resulted from stoichiometric dissolution of the hornblende (Eq. (1)), followed by non-stoichiometric reprecipitation of Fe, Al, and some dissolved Si during neoformation of gibbsite, goethite, and kaolinite (Eqs. (2)-(4)). No "leached layer" is required to explain the non-stoichiometry of the overall hornblende weathering reaction. The stoichiometric nature of the dissolution step is consistent with the findings of Petit et al (1987) .
SUMMARY AND CONCLUSIONS
Hornblende of the Carrol Knob mafic complex weathered under humid, temperate conditions, accompanied by intense leaching of the weathering profile. Petrographic and SEM observations reveal the complete transition from fresh hornblende to ferruginous and aluminous products (goethite, gibbsite, and kaolinite). During the earliest stage of alteration, ferruginous weathering products lined fractures within and around hornblende crystals and cleavage fragments. More advanced weathering produced characteristic "sawtooth" or "denticulated" terminations on hornblende remnants within dissolution cavities bounded by ferruginous boxworks. These sharp pointed denticulations resulted from side-by-side coalescence of lenticular etch pits. Dissolution cavities were found to be devoid of weathering products; no noncrystalline intermediary was noted, nor were well-crystallized clay minerals present on the etched hornblende remnants. The absence of such material indicates that the volume of mineral which formerly occupied the volume now represented by the etch pits was removed stoichiometrically from the etch-pit microenvironment. The absence of 2:1 clay minerals was probably the result of intense leaching in the study area, which prevented solutions in the weathering profiles from becoming saturated with respect to 2:1 clay minerals.
Intermediate and advanced weathering resulted in boxwork texture, generally as paired layers having central partings, many of which were too thick to be symmetrical, chemically precipitated fracture fillings, and therefore, probably represented thin replacements emanating symmetrically from the fracture. Simultaneous optical extinction of individual boxwork segments in prism-parallel cleavage pseudomorphs suggests that the goethite-gibbsite-kaolinite products were crystallographically controlled by (topotactic?) replacement of the parent hornblende. Small "pendants" of ferruginous material grew from the boxwork into the void spaces. Because they are separated from the hornblende remnants by void space, these pendants must have been formed by dissolution-reprecipitation. During these reactions, the hornblende dissolved stoichiometrically, the dissolved materials were transported through the void space, and Fe, Al, and Si were incongruently reprecipitated onto the earlier formed boxwork. Pendants were generally optically parallel to the prismatic cleavage, and most likely inherited this orientation from the parent hornblende by epitactic nu-cleation and growth upon the earlier-formed boxwork. Thus, crystallographically oriented products of pyribole alteration probably formed by dissolution-reprecipitation, as well as by solid-state reactions involving minimal rearrangement of tetrahedra and octahedral cations. Complete removal of the parent hornblende left a "negative pseudomorph," a microboxwork consisting of goethite, gibbsite, and kaolinite.
The dissolution-reprecipitation mechanism has significant consequences for the distance-scales of element mobilization during hornblende weathering. The overall incongruent stoichiometry of the hornblende weathering reaction at Coweeta (reaction (8)) resulted from stoichiometric dissolution of the hornblende, followed by non-stoichiometric reprecipitation of Fe, Al, and some dissolved Si to form the gibbsite, goethite, and kaolinite. No "leached layer" was required to explain the incongruent nature of the overall hornblende weathering reaction. 
